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^ (57) Abstract: A process for preparation of optically active allenes represented by the general formula (1): (1) [wherein R 2 and 
R 3 are different from each other and each hydrogen, optionally substituted Ci. 20 alkyl, or optionally substituted C&.2Q aryl; and R 4 

O is acyl], characterized by reacting in the presence of an enzyme catalyst an allene derivative represented by the general formula 
(2): (2) [wherein R 1 is hydrogen or optionally substituted acyl; and R 2 and R 3 are each as defined above] with an acylating agent 

O having an acyl group represented by R 4 when R*s are simultaneously hydrogen or with water when R J s are simultaneously acyl 

O represented by R 4 . According to this process, optically active allenes can be efficiently prepared from symmetric allene derivatives 
enantioselectively. 



WO 03/074717 Al 



(57) mm-. 

#36W«u Tfaa; (i) 



R 2 



r 4 — o — ^ ^R 3 

(1) 

mm<omEr. tib*: (2) : 



V=c=c* 



R 2 



r 1 — o — ^ ^R 3 

(2) 

[5fc*K R 1 t*7K^^Xf*B^Sr^UTV^-Ctiv>Tv'^^U, R 2 &tf 

m&r&&&&mnrt&* z.(ommjjmz£titt. mmm^i-^Tu^mm 



WO 03/074717 

1 

(0H*.f*N G. Gil et al. Hipase-Catalyzed Ester Formation in Organic 
Solvents. Partial Resolution of Primary Allenic AlcoholsJ , Tetrahedron 
Letters, Vol.28, No. 15, ppl647-1648, 1987#J$) » 



CT/JP02/09085 



WO 03/074717 ^PCT/JP02/09085 

2 

fip-fe, #»9§tt, TfE5£ (i) 

r 2 

HO — v > K 



=c=c 



R 4 — O-^ 

(1) 

~ C 8 o T^^/V-^X^e^Sr^ LWr%^C 6 ~C 20 T!J U ; 

^ftfe!S©#feT, TIB^S (2) : 

l? 2 

R — O — v ^ K 



R 1 O — ' 

(2) 

io R 1 ^7K^^ ^ •X^«mK^bTv^-ct>J:v^r^/^^^u R 2 ^ 

R 3 «jiiBiiisa^-r] 

T*^ $ tt S T V J'SNMfc £ , R 1 3 s to*c#l)§l^-CS> S It^te R 4 ^ £ *tS 7* 

15 

Candida Antarctica) P £ % K*"*"* * 7^*l/yfe^ (Pseudomonas 

20 fluorescens) JJ /*— E\ Vs.— K*^"^ * "fc^VT (Pseudomonas cepacia) U 
EMy^-^\ flRflTJ*3^*^9 — -VRXfiXlsS?? • /V^f" (Candida 



WO 03/074717 ^PCT/JP02/09085 

3 

rugosa) V /<—&frhf3:Zmfrhm&frZlM&-k* t %^b* l Z>° 
(3a) Xfe (3b) : 

Kb 3] 



.R 4 



.R 4 



5 ( 3a > Sfcfc < 3b > 

15 zk^M^-CfcSo 

r 2 1 r 3 av^^&tK tK^M^-> ltvvt*>«3:v^ 1 ~c 20 

ft^ftfrtfj}-^ 7^1^ ^^vS> 



WO 03/074717 




CT/JP02/09085 



4 



10 rr^A-Sj £UTte N tf^^ak #^>->-^ #/w^^f/i^ N 

% t e r t-7F^^*«^) % emS^UTV^-Ct>J;V^C 6 _ 10 

15 =;i/S, «mS^b•rv^-C 1 b j;V^C 7 _ 16 T7/V' :3 r/^^ :a r^/^=/^^ 1B& 
SSr^TUTV^fe £i> 5 ~ 6 M^iS^^-/^ *y -c ^.r/^*^ 
^e^f/vSs ^- C j.eT/v^/w^^/H (0!ls i?*?'A'jJA"**e>(A'& 

20 tc fijy< isy?^ /i^t? & 5 o 

^Wb^tLTV^T^ iV^C^eT/^/VS, ^n-^i'flsSftTVvrfc £V>C 3 _ e 

^y^o tVKT 5/36, y ^ 7 Sft if) , s>- c x _ 6 T/i^/vr s: / £ (M, 
f-AST % J S> ^^/KT ^ 7 S^n fcf/V-T ^S, ^ff-W 5 / & 



WO 03/074717 ^^PCT/JP02/09085 

5 

^y>"fb;^tL•rv^-C^JJ;V^C 1 _ 6 TsV*;VX> A^s=-A^ Ci-eT/Vn^ 

t e r t-y h^^/^^/V^if) N ^/-C^eT;^^ 
5 6 T/l^yV#/W^^A<S (#!k As % Assist 

15 ft if) > ^•y-C 1 _ 6 T/V^-^/^ i E-f/^ d r^ (Ms tf-As* 
20 A#:^^fi:l~3^M#l$tbS 0 

(1) 



WO 03/074717 ^PCT/JP02/09085 



x c=c=c >w m 



HO Enzyme 
(2a) 



R 2 r 4 -o^ > r2 



HO-v ^ 

Y=c=c" 

(i) « 



±IB^^-^ (I) l^WC, ^ (2a) X^MT^ih^mt^ (3 a) X 

t£@N^£<a#£T^£-fr-c, gift^4refc<5, ^ (i) x^ti^>^ 

10 RjS^fe^lcjfeCT, 5£ (4) X*m&nZfc&mi>m£j&&tVX$i&1rZ>i§ 
^sfc5„ (4) x^£tiZ>M£j8Mfe. Wp-7b^7^-^W 

T^fcfflv^;K,5ig8££ Uttt, Mill T/^^^I, ^/^^> 




WO 03/074717 ^^CT/JP02/09085 

7 

(Candida Antarctica) (CAL) , ?/*-K*t^ • 

5 * (Pseudomonas fluoresces) (PFLK ?/*-K*t^ -fe^/T 

(Pseudomonas cepacia) !) 1? (PCL) , IKBH* (PPL) , WF 

Btoc;*.-^— is? (PLE) R^Vv 5 ^ • (Candida rugosa) U ( 

crl) ^fej&s^feJBrs^siaeAi^v^tbSo ^^ixjfv^fts 

ISWBsjKtt, ^y^'TV^^f* (Candida Antarctica) *t?„ 
10 w- • 7A'tl'j't^ (Pseudomonas f luorescens) JJ/^Wv'a 1 - 

K^tt^ • -fe/^yT (Pseudomonas cepacia) V " €*T?fo<5o 

20 a, -rat^ to^ts^^i^t, 5t (i) ©^rw/M* 

®fi^WKl/Ctf$#* 5^4 0U **U<HU 2 0°C~4 0 

1 B$ffi~ 60, i!) 0* L < J3u 2 B#^~ 1 0 l$W?f fcftS. - 



WO 03/074717 ^PCT/JP02/09085 



gjjl 

N C = (3 == C * V Acylation Reagent (4 eq.) 

HO-/ - 

( 2b ) Enzyme 

HO-v ^ Me R'-O-^ ,^ Me 

V=c=c" + V=c=c' 

R 4__ 0 _y ^Ph R 4 — o-S ^Ph 



5 (lb) W 

(50.0 mg, 0.263 romol) K s T^M\MAt \^X<DT± Y^y^W 

(o. i mL) mmmmt lt©^- • -^25 
-thy v&xmkvK-o mm^m&m^xmcm^mm^^v x^^ftismm 

(lb) ;&t*£ (4b) <D4k&m&&fro *<0*S^ l^irtS^te^ttrv^fli 

^-CfeS^C (lb) ^b-S^r*9 3%<DJfc^ 0fe^tt^9 0%ee) 

*t»ftfc. (R^Ac) „ gJ&m&VOtp. 5£ (4b) (2b) Tf*$nSftl 

S (2b) <D4b&& (2- 1 Fa dr^p? m =. /V-^^^-2, 3-^ 

/^) 



WO 03/074717 




PCT7JP02/09085 



^-NMR (CDCI3) 5 2.14 (s, 3H), 2.36 (brs, 2H), 4.33 (s, 4H), 7. 19-7. 41 (m, 
5H) 

gt-IMt : C, 75.76; H, 7.42 



^ (lb) (D\\^m (2-fc Ko=3f^f;M-7 ax^/^V^-2, 3-^^-1- 

l H-NMR(CDCl 3 ) 8 2.07 (s, 3H), 2.13 (s, 3H), 2.30 (brs, 1H), 4.23 (s, 2 
10 H), 4.76 (s, 2H), 7.20-7.40 (m, 5H) 
TtmfrtirW. (C 14 H 16 0 3 fc bT) 

fj-^fii : C, 72.39; H, 6.94 

MWiU : C, 72.43; H, 7. 14 

15 ^ (4b) <Oft&m 

^-NMR (CDCI3) 6 2.06 (s, 6H), 2.12 (s, 3H), 4.70 (s, 4H), 7.24-7.39 

(m, 5H) 

mmm 2—19 



5 



H^fi : C, 75.47; H, 7.42 



WO 03/074717 



PCT/JP02/09085 



10 



*1 



mm 


mm 


*m 






2b 


(%ee) 

lb 4b 


i 


PFL 


Pr 2 0 


A 


1. 8$$m 




93(90) 4 


2 


CAL 




A 


15# 




38(90) 60 


3 


PCL 


ftb 


A 


1.60 




91 (72) 8 


4 


PFL 


fcb 


A 


1.6 0 


0 


50(94) 50 


5 


PFL 




A 


5. 2R$fK! 


6 


92(80) 2 


6 


PPL 


ftL 


A 


3.8 0 


3 


85(86) 9 


7 


CRL 


frU 


A 


4.90 


23 


67(46) 10 


8 


CAL 


Pr 2 0 


A 


1. oH#ng 


30 


50(58) 20 


9 


PCL 


Pr 2 0 


A 


lib 




95 (88) 4 


10 


PPL 


Pr 2 0 


A 


5.80 


47 


49(82) 9 


11 


CAL 


CHC1 3 


A 


20 0 


10 


73(76) 12 


12 


PFL 


CHC1, 


A 


> 70 


39 


55(78) fV-* 



mmm 13-30 

T*sMmi*mx-tc£kmz, mm t vxmmm 1 1 mm^mxytmmr 

tt.&W&&f&Vlt 0 ft*3 N BmcO-ClCHs)^ C«BzO-CH2=CH2, Dfc£Pr-C(=0) 
-O-CH^CHa&^U ActeTir^vV^ Bztt-O'^ /Hi, Prte^ts tT7^%^f „ 

25 



WO 03/074717 



PCT/JP02/09085 



11 



m2 



5 




mm 






rtfcHH 


2b 


(%ee; 
lb 4b 




13 


PFL 




A 


5. 2^F^ 


6 


92(89) 2 




14 


PFL 




B 


> 70 


63 


37(-) M^-* 




15 


PFL 




D 


2. 6^r« 


4 


88 (96) 5 


10 


16 


PCL 




A 


1.60 




91 (72) 8 




17 


PCL 




B 


> 70 


69 


31 (-) 0 




18 


PCL 




D 


5. 7Wmi 


6 


90 (-) 4 




19 


PPL 




A 


3. 8 0 


3 


85 (86) 9 


15 


20 


PPL 




B 


> 70 


90 


10(-) 0 




21 


PPL 




D 


18B#W 


5 


92(-) 2 




22 


PFL 


Pr 2 0 


A 


3. OWm 




97 (92) 5 




23 


PFL 


Pr 2 0 


B 


i3H#rfa 


9 


89 (92) M"-* 


20 


24 


PFL 


Pr 2 0 


C 


3.3 0 


8 


87(92) 0 




25 


PFL 


Pr 2 0 


D 


3. omm 


4 


84(92) 6 




26 


PCL 


Pr 2 0 


A 


i.i0 




95(89) 4 




27 


PCL 


Pr 2 0 


B 


3.60 


4 


94(_) \^-% 


25 


28 


PCL 


Pr 2 0 


C 


> 70 


38 


59(86) 0 




29 


PCL 


Pr,0 


D 


7. OR#[W 


3 


94(86) 3 




mi- 


2m?. 








WO 03/074717 PCT/JP02/09085 

12 



WO 03/074717 




1. TIB5£ (1) 




(1) 



«*««©«ET, TIB5£ (2) : 

r 1 — o — / "^R 3 

10 ( 2 ) 

R 3 J2_LfB £ REUSSt^] 

ffrmttl-z r isMbffl t , r 1 # is?i$k: r 4 t^ $^5t s^s-cfc § 

3. ftflEBNWfcfeK^^^- 7^- (Candida Antarctica) 
v^n.— K-=&^^ * ^^Vy*^ (Pseudomonas fluorescens) JJ>>*— *£ N 
20 iXa— K-^^-^ • ir^S'T (Pseudomonas cepacia) !J Iffll!)^, 
J^FFUS^*^ 7— -tfSXfcfc ^ >^ * /l"=f If (Candida rugosa) U if £> ft 5 



• 



PCT/JP02/09085 



WO 03/074717 



14 

4. buIBT^W^J^^ 



5. R 1 ^, jjcStjDS£y\ gmS ; lr^•UTV^-c^J:v^C 1 ~C 20 r/^^/^^/^^ 



INTERN/«WAL SEARCH REPORT 



Internatu inW^piication 1 lu. 

PCT/JP02/09085 



A, CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C12P7/04//(C12P7/04 / C12R1 : 38 ) (C12P7/04, C12R1:39) 
(C12P7/04, C12R1:72) 

According to International Patent Classification (IPQ or to both national classification and IPC 

B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C12P7/04//(C12P7/04, C12R1 : 38 ) (C12P7/04 , C12R1:39) 
(C12P7/04, C12R1:72) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CA(STN), REGISTRY (STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Claude Spino, "Synthesis of non-racemic unsymmetrical 
tetrasubstituted vinylallens", Tetrahedron Letters, 
2000, Vol.41, No. 42, pages 8033 to 8036 

Giuseppe Guanti, "Chemoenzymatic Preparation of 
Asymmetrized Tris ( hydroxyme thy 1) methane (THYM*) and 
of Asymmetrized Bis (hydroxyme thyl) acet aldehyde 
(BHYMA*) as New Highly Versatile Chiral Building 
Blocks", J.Org.Chem., 1992, Vol.57, No. 5, pages 
1540 to 1554 

Hajime MORI, "Novel Diastereoselective Allene 
Formation by an Ene Reaction of Significantly 
Twisted 1,3-Dienes with Singlet Oxygen", Tetrahedron 
Letters, 1999, Vol.40, No. 35, pages 6461 to 6464 



1-8 



1-8 



1-8 



j j Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: "V 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E w earlier document but published on or after the international filing "X" 

date 

W L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other M Y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

M P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
21 November, 2002 (21.11.02) 


Date of mailing of the international search report 

10 December, 2002 (10.12.02) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



mm 




lttim&& PCT/JP02/09085 



a. mw<nm-r?>ftm<Dftm (mmmnm (ipo ) 

Int.Cl T C12P 7/04 //(C12P 7/04, C12R 1:38) (C12P 7/04, C12R 1:39) (C12P 7/04, C12R 1:72) 



B. 



M*ffofc*/hl«3f«- (HWWWT»*I (IPC) ) 

Int. CI' C12P 7/04 //(C12P 7/04, C12R 1:38) (C12P 7/04, C12R 1:39) (C12P 7/04, C12R 1:72) 



13£tM£JB Ufcffli^-x— i?^— ^ (7*— ^<o^M, MSSt^fl? Ufcfflig) 
CA (STN) , REGISTRY (STN) 



Claude Spino, ' Synthesis of non-racemic unsynimetrical 
tetrasubstituted vinylallens' , Tetrahedron Letters, 
2000, Vol. 41, No. 42, pages 8033-8036 

Giuseppe Guanti, ' Chemoenzymatic Preparation of Asymmetrized 
Tris (hydroxymethy 1) me thane (THYM*) and of Asymmetrized 
Bis(hydroxymethyl)acetaldehyde(BHYMA*) as New Highly 
Versatile Chiral Building Blocks' , J. Org. Chem. , 1992, Vol. 57, 
No. 5, pages 1540-1554 



1-8 



8 



Taj #UiHii<o*>5S:»^»*<» -/RWSflfzKSPSr^f- 
roj PfBlctSM^ -Kffis JRSHStK:«i-**lR 



r&j p-^fvh7r 5 y — XSfc 



|»^7 UfcB 



2 1. 11. 0 2 



i 0.1 2. 02 



B*H4#ffFJT (ISA/JP) 
StfsSS-f - 100-8915 



# 03-3581-1101 



4N 



8 115 



3 4 4 8 



iSPCT/ISA/2 10 (12^) (1 998f7fl) 



mnWmr^- PCT/JP0 2/09085 



C OR*) 



Hajime Mori, ' Novel Diastereoselective Allene Formation by an 
Ene Reaction of Significantly Twisted 1, 3-Dienes with 
Singlet Oxygen' , Tetrahedron Letters, 1999, Vol. 40, No. 35, pages 
6461-6464 



8 



iSPCT/ISA/2 10 <JB 2^—5*0*15*) (1 9 9 8^7^) 



